Microbial genetics and molecular cloning now permit us to routinely isolate specific genes from a variety of microbial pathogens. Obviously not all genes from pathogenic microorganisms play a role in pathogenicity or virulence. Just as Koch's postulates were formulated to identify the causal relationship between an organism and a specific disease, the notion is presented here that a form of molecular Koch's postulates is needed when examining the potential role of genes and their products in the pathogenesis of infection and disease.
Bacterial pathogens possess distinct genetic properties that provide them with a significantly greater capacity to compete with other bacteria, to gain a foothold within a specific host, to avoid normal host defense mechanisms, and, once established, to multiply. To the microbial geneticist, the challenge is to dissect these genes from the more common genetic traits found both in pathogens and in nonpathogens.
This challenge is being met more and more frequently. Consequently, the classical approach of comparing pathogenic and nonpathogenic isolates of the same species has given way to precise mutational analysis utilizing insertional inactivation or site-directed mutagenesis. Molecular cloning permits us to isolate specific virulence genes, to focus on their function and structure, and to modify them in a precise way. Hence, one can now hope to routinely compare bacterial cell lines identical except for a single defined pathogenic property.
In some ways, our capacity to isolate genes has outstripped the experimental means to document the essentiality of a given genetic property to pathogenicity. Thus, the simple cloning of a gene considered important in pathogenicity, submitting it to functional analysis, and even sequencing it are not sufficient unless one can rigorously prove that the loss (or gain) of the gene in the species of origin has a well-defined effect. In my view it is imperative when pursuing the genetic analysis of bacterial pathogenesis to apply some molecular form of Koch's postu- These postulates place a heavy burden on an investigator. They insist that genetic manipulation of the microorganism is a prerequisite for success, and, of course, for some pathogens, such study is not yet possible. Moreover, for either alternative, it is essential that the test of pathogenicity be performed with the species of origin using a relevant model of pathogenicity. One must also take into account that it is possible to affect genes associated with pathogenicity indirectly; thus, precise characterization of structural genes and the information about genes affecting biosynthesis and regulation are mandatory to an adequate fulfillment of these postulates.
Because genetic manipulation is not yet available for all microorganisms and because there are some pathogens, e.g., the gonococcus, for which a relevant model of pathogenicity is not available, one could reasonably argue that the induction of spe- nicity. An antiserum raised to the inv gene does appear to be protective. Yet, how these determinants contribute individually to pat ity and act in concert can be more readily by genetic manipulation than by antibody n ization. Moreover, it is important to see that not claim to have fulfilled molecular Koch's lates for the inv gene since it is arguable th culture-invasion model is not a relevant substitute for invasion of whole animal tissue.
The Henle-Koch postulates were intended as a means of identifying the causal relationship between an organism and a specific disease. Koch recognized that the postulates were not rigid. The limiting factor even in Koch's time was the lack of suitable experimental animal models in which human disease could be reliably reproduced. Moreover, the inability to grow presumed pathogens, e.g., the leprosy bacillus, was as relevant in Koch's time as it is now. The evolution of thought regarding Koch's postulates is nicely documented by Evans [1] . Thus, the discov- imal disease. In fact, the study of pathogenicity at the genetic and molecular level has become increasingly refined over the past several years. To meet this growing sophistication, it is necessary to redefine a set-of acceptable criteria that can be applied to the analysis of microbial pathogenesis. The molecular Koch's postulates described here were not intended to be anything more than an attempt to provide the basis of a dialogue among interested investigators.
There is little doubt that some will find fault with the logic or wish to define their own criteria. For me these postulates underscore the need to define and refine genetic exchange mechanisms among microorganisms and for new and better animal models or, preferably, alternative models of microbial infection;
I believe these are as much the keys to success in understanding microbial pathogenicity as is molecular cloning. The only point I wish to assert unequivocally is that it is no longer necessary to speak of the promise of molecular biology and genetics for the study of pathogenic microorganisms. That promise is already being fulfilled.
